A method to estimate the principal polarizabilities of jcelectron clouds embedded in a continuous uniform medium of dielectric constant e0 = 2 is described and applied to deter mine these polarizabilities in the case of aromatic hydro carbons.
Estim ation of Electric Polarizabilities of Organic ir-Electron Systems from K err Effect Measurements

A. S c h w e i g
Physikalisch-Chemisches Institut der Universität Marburg (Z. Naturforsch. 24 a, 687-688 [1969] ; received 5 March 1969) A method to estimate the principal polarizabilities of jcelectron clouds embedded in a continuous uniform medium of dielectric constant e0 = 2 is described and applied to deter mine these polarizabilities in the case of aromatic hydro carbons.
It was assumed 1 that the jr-electrons of an organic molecule dissolved in a saturated hydrocarbon see the o-electrons of the molecule and the ö-electrons of the solvent medium as a continuous uniform medium of dielectric constant £0 = nl2 = 2, where nx is the refrac tive index of the solvent. Therefore an aromatic or ganic molecule in a saturated hydrocarbon may be considered approximately to be a cloud of Ji-electrons in a continuous uniform medium of dielectric con stant 2.
If a light beam passes through such a solution the polarization per cm3 (n122 -1) E/4 < ji produced by the electric field E of the light wave in the solu tion contains a contribution of the uniform medium (e0 -1) E/An and a contribution due to the n electron clouds of the solute molecules v2 a0 E where n12 is the refractive index of the solution, v2 the number per cm3 of solute molecules. a 0 = ( 6 a + bß + by) /3 is the mean polarizability and b a , bß and b Y are the principal elec tro-optical polarizabilities due to the molecular jr-electron cloud embedded in the uniform a-medium 2.
Thus one obtains 2 
If a uniform electric field of field strength F is applied to the solution r2 changes by Av2 because of electrostriction while a0 changes by a. Thus n12 changes by An12 . An12 can be found by differentiating (1)
The magnitudes of Aa parallel (||) and perpendicular (_L) to the applied field are different and were ob tained 3> 4 to be
1 H. K u h n , Chimia 9, 237 [1955] . 2 H. K u h n , "Die Methode des Elektronengases", Lectures given at the International Summer School on ^-electron theory, Konstanz, on September 1963, A. S c h w e ig and C. R e i c h a r d t , Z. Naturforsch. 21a, 1373 [1966] , and H. D. F ö r s t e r l i n g and H. K u h n , Z. Naturforsch. 22 a, 1204 [1967] . 3 M. B o r n , Ann. Physik 55,177 [1918] .
T is the absolute temperature, k the Boltzmann con stant, a a , aß and a y denote the principal electrostatic polarizabilities and fxa , fiß and fly the components of the permanent dipole moment along the principal polarizability axes of a 5T-electron cloud in the uni form medium of dielectric constant £0 • As usually defined, the Kerr constant B l2 is4' 5
where X is the wave-length of the light beam and (rc12) | | and (re12) I are the refractive indices of the solution parallel and perpendicular to the applied field. By introducing Eqs. (3) and (4) into (2) one finds (Anl2) | | and (An12) j_. These expressions, Eq. (1) and r 2 = (TVa w 2) / (M2 v 12) (T V a Avogadro's number, w 2 weight fraction and M2 molecular weight of the solute, v12 specific volume of the solution) are introduced into (7) and (8) is obtained.
The assumption is made that (9) and (10) may apply to solutions at sufficiently high dilution
By equating (8) and (9) and by restricting the resulting expression to solutions of low concentration (under this restriction nl2 and v12 become practically equal to nt and vt , respectively) one finally has ntVlXM2
The preceding Eqs.
(1) to (8) are valid for the ideal case: jr-electron clouds are dissolved in an isotropic continuous medium. For such a medium the Kerr con stant according to (7) is zero. To deal with the real case of, say, n-heptane solvent which has itself a non zero Kerr constant it is assumed that the value of this constant applies to the solution o-medium independent of the concentration of the solute. If in (2) An12 and in (7), (8) and (9) ß12 are replaced by An12* = dn12 -Anx and B12* = B12 B i,
where Anx and Bt refer to the solvent medium, then after equating (8) and (9) the final Eq. (11) remains unchanged. d and y were calculated in the cases of benzene, naphthalene, phenanthrene and diphenyl using the experimental data6' 7 of Bx2 and n12 obtained in nheptane solutions at various values of w2 . Since (9d is zero for non-polar molecules considered here 8, 0 P may easily be evaluated from (11).
by is defined arbitrarily to be the principal polarizability perpendicular to the molecular plane. The elec trostatic polarizabilities aa, ap and a■ ■ are assumed to be the same as the electro-optical polarizabilities ba, bß and by 9. Thus, in (5) In the case of benzene the required third equation is ba = bß on symmetry grounds. Using the three equa tions described ba=bß and bv were calculated to be 6.4 +0.3 Ä3 and -0.2+ 0.7 Ä3, respectively. This re sult confirms Coulson's 10 assumption that the polarizability of a ^-electron system perpendicular to the mole cular plane is approximately zero.
To calculate the principal polarizabilities ba and bß of naphthalene and phenanthrene the equation by = 0 was assumed to be justified by the results obtained for benzene. In the case of diphenyl meaningful results could only be obtained on the assumption that the polarizability due to the ^-electrons gives rise to a component by 4= 0, a result which indicates that in solution also this molecule is non-planarn .
The principal polarizabilities obtained by the method described above are given in the table. These values were compared with values obtained from quantum theory in a previous paper 12. 
Rotationsspektrum des Chloroforms in angeregten Schwingungszuständen
